For reasons that are not particularly clear to me, most medical students and many physicians have lost interest in anatomy. During the period of special turmoil among students the world over in the 1960's, there was serious talk of dropping anatomy from the medical curriculum, said to be a subject of dubious "relevance", a magic word of the time. Perhaps naively, I breathe a sigh of relief that this sort of frenzied insanity seems to have waned.
Critics of anatomy in the curriculum remind me of the exchange between Robert Hutchins of the University of Chicago and a reporter who asked "Do you still teach communism at the University?", to which he replied "Yes, and cancer at the medical school".
To be sure, some of the criticism of anatomy is warranted, for the work of some anatomists has not kept about it that air of freshness which is just essential for effective teaching. It is so unnecessary for such teaching to be stale. When asked "The structure of the body hasn't changed much since Vesalius, has it?", Lactantius is said to have replied "No. Neither has the atomic nucleus". 3 In his presidential address before the American Association of Anatomists Don Fawcett4 remarked "It is debatable whether the greenish hue of our image is the fine natural patina that comes with age and exposure or whether it is an incipient gangrene". Fawcett then particularly deplored the lack of precision today in photomicrography, whether of the light microscopic image or that made with electrons, leading to a regrettable and too ready acceptance of pictures out of focus, badly printed, or otherwise poorly presented. It is errant nonsense, he emphasized, to claim that lack of attention to detail is any more tolerable for presenting anatomical data than lack of statistical validity is in physiology or biochemistry. A sloppy photomicrograph is not just an offence to the senses, it betrays sloppy thinking.
Having microscopy as one of my own research interests, I am particularly sensitive to Fawcett's message. In an advertisement commenting upon a course to be offered on photomicrography by the New York Microscopical Society (founded in 1877) jointly with the Royal Microscopical Society (founded in 1839), the Kodak Company explained that whereas microscopy was once considered an academic discipline on its own, today one is expected to learn all about it from the instruction booklet left by a sales representative, as if a microscope were more like an electric toaster than a French horn.
Sir Arthur Keith, of whom I will speak more later, thought that his failure to find an AV (atrioventricular) conduction system in the bird's heart was because of his own faulty microscopic technique, adding that he had always envied masters of such technique almost as much as he envied his friends who could hold free converse in foreign languages. MacKenzie's hearts, and subsequently, knowledge of the similarity of this newly found structure to Tawara's knoten which led Keith to postulate (correctly) that the sinus node was the origin of the heart beat.7
Although Keith had gone to Leipzig for a few months in 1895, thinking to study with His the elder, who was an outstanding embryologist of the day, he did not stay in Leipzig. Nor is there any record to my knowledge that he ever worked with His the younger or with Tawara, although it seems inconceivable that they did not eventually meet or at least correspond.
Less familiar to most than the 1907 work on the sinus node7 is another report by Keith and Flack published the previous year.8 Although the title of the 1906 paper referred to the AV bundle, this remarkably lucid description also dealt with the AV node, the bundle branches and the Purkinje system. It was a complete and enthusiastic confirmation of Tawara's recently published studies,9 which Keith very obviously admired. It also went a long way toward producing an intelligible synthesis of a concept for a cardiac conduction system, a concept crowned the next year when the actual source of the cardiac impulse was first reported. 7 Keith did not stay with the sinus node nor the conduction system, and I am not sure why. He was a man of very broad interests, beginning with three early years in Siam where he studied botanical specimens and anthropology (monkeys), and where he nearly died of falciparum malaria. His life work on human embryology and anatomy produced an admirable book which went through six editions.'0 One vexing experience was his tangential involvement in the controversy about the skuli of Piltdown man,6 an issue in which he was ultimately proved to be correct, but he was too gentle a man to battle with those who were more vocal but wrong. For his exceptionally accurate anatomical discovery of the sinus node and correct appreciation of its significance, for his generous admiration and quick confirmation of the work of Tawara and his early and thorough expostulation of its importance, and for a full life of quiet scholarship, Keith Sunao Tawara of Japan.
( Figures 3 and 4) . In addition to his generally recognized priority for discovery of the AV node, he probably also deserves credit for first recognizing that the His bundle divided into consistent right and left branches comprised of fibres such as those originally described by Purkinje in 183911 and 1845. 12 Tawara correctly interpreted that the AV node, His bundle and its branches together formed a system whereby all electrical impulse propagated from the atria to the ventricles in the mammalian heart, including that of man. Tawara's histological illustrations are still as accurate as they are beautiful, but it was his original and imaginative description of just how the system was organized and exactly how it worked that is equally beautiful. When Tawara returned to Japan in 1906, he served as associate professor of pathology first at Kyoto and then Fukuoka medical schools. In 1908 his alma mater in Tokyo awarded him a special degree in recognition of his research, and in 1910 he became professor of pathology at Kyushu University, where he remained until his retirement in 1930. In 1914 he received the Japan Academy prize for his work on the cardiac conduction system, but until his death in 1952 he-like Keith before himdid not pursue other aspects of his great original contribution.
Wilhelm His, Jr. (Figure 5 ) was the worthy son of a famous anatomist. Even in those days, academicians were a peripatetic lot and the young His attended the universities of Leipzig, Strasbourg, Bern and Geneva. He was not only a capable clinician but also a talented violinist and painter. Although he studied gout and certain types of fever, his most lasting contribution was the correct description of the AV bundle which now bears his name. ' lyrics, but he was a terrible lecturer and hated that form of teaching. Few knew or know just how to spell his patronym, which is found in at least nine different versions in the literature. 28 There must be very few others in medical history with such a broad range of meaningful scientific interests and contributions. Purkinje not only invented or established the principles for the ophthalmoscope, the spirometer and the hearing aid, but he discovered new aspects of the psychology of dreams, how to do capillary microscopy in vivo, how nerves influence the secretion of gastric acid, and what the germinal vesicle of an egg was. Purkinje was the first systematically to study dermatoglyphics, that arcane science of fingerprints, and he coined the word "protoplasm".
Today his name remains enshrined in anatomy because of Purkinje cells in the cerebellum and Purkinje fibres in the endocardium of the heart. The endocardial fibres were discovered in ungulates, where they are indeed conspicuous structures, but Purkinje was unable to find them in the rabbit, dog or man. He was not even sure what they were, suggesting that they be classified as cartilage. So little was thought of any functional significance for Purkinje fibres that an 1899 biographer" does not even mention them among Purkinje's contributions. That may have been a judgement call, but Tawara changed things (and immortalized the Czech physiologist, at least in cardiology) when he chose to discuss Purkinje fibres as the ventricular terminus of specialized conduction tissue in the heart. There has long been and still remains a great deal of confusion and obscurantism about Purkinje fibres. The Czech physiologist (anatomist?) described them as fibres rather than cells. And fibres rather than cells was indeed the prevailing wisdom about the heart until the 1950's and the dawn of electron microscopy. It was only then that the true nature of the intercalated disc as an intercellular junctional membrane became clear,30 and the myocardium was proven not to be an anatomic syncytium. Paradoxically, very recent studies with freeze-fracture and similar techniques for scanning electron microscopy have re-opened the question, at least to the point of suggesting that the myocardium may function as an excitable syncytium, even if this is not anatomically so.
But there is even greater disagreement as to how to define a cardiac Purkinje cell. Are they present in the human heart (Figure 7) , where One electrophysiological specialization in the heart is the property of automaticity, and Purkinje "strands" are a favourite tissue for physiologists to study automaticity. And yet, most such studies ignore three fundamental points. First, Purkinje cells seem specialized for rapid conduction whereas conduction in sites of normal automaticity (such as the sinus node) is always very slow. Second, the only normal automatic centre and primary pacemaker in the heart, the sinus node, does contain specialized cells, but they are not Purkinje cells, differing markedly both by anatomic and physiologic definition. In fact, there are no Purkinje cells in the sinus node. Third, the cells in Purkinje strands, whether studied in vitro33 or in vivo-' are not spontaneously automatic under normal conditions, and induced automaticity differs significantly from that of the sinus node when biochemically defined.3"
Here we are, nearly a century and a half after Purkinje's discovery, still puzzled about his cells and what they do and exactly where they all are in the heart and how much significance to attach to their species difference. But I believe if Purkinje himself were to judge carefully where he made his major contributions, it would have to be in the science of vision. Even there, however, his irrepressible curiosity ranged widely, and was nearly the cause of his death. Because of visual complaints by his patients (he remained a physician) who had been advised to use digitalis or belladonna, Purkinje undertook experiments upon himself to examine the nature of these puzzling symptoms. Although he subsequently provided vivid descriptions of scintillating scotomata and colour aberrations, as well as nausea and cardiac arrhythmias, after ingesting a huge amount of digitalis,36 he was lucky to survive. As an interesting recently proposed side light of history, new evidence37 suggests that some of Vincent van Gogh's most remarkable paintings, including the popular "Starry Night", were but the visual aberrations produced by toxic amounts of digitalis.
Whatever his many scientific contributions may ultimately mean, Purkinje was clearly a master of academic gamesmanship. Both Schiller and Goethe were his literary inspirations, but Goethe's personal influence and recommendation (he was then 74) were additionally instrumental in Purkinje's appointment to the chair in physiology at Breslau at the age of 36. The microscope essential in many of Purkinje's studies was denied him by the university (it cost $50) so he bought one himself. At a time when physiology was being taught by anatomists, Purkinje not only concentrated his efforts (anatomical as well as physiological) in a department of physiology, but he procured separate housing and eventually an institute, a model later to be emulated by many major medical centres in Germany and elsewhere. Some also say that his imagination and creativity declined in inverse proportion to his administrative and bureaucratic triumphs, and if true, it would certainly not be the first or last such lesson from medical history. In his later years he became a fervid Slavic nationalist, eventually dying full of years at the age of 82.
Keith, Tawara, His and Purkinje are names written large in the annals of our knowledge about the conduction system. While Purkinje was the only physiologist of the group, he never studied the function of his fibres, no doubt in part because neither appropriate electrophysiological concepts nor any suitable tools for their study were available in his time. Wilhelm His not only recognized the functional significance of his bundle but correctly anticipated that lesions there could account for Stokes-Adams attacks, expressing disappointment in his final years that he never had the opportunity to conduct an appropriate clinicopathological correlative study to prove the point, although I am puzzled as to why that should have been. Keith also failed to embark upon physiological studies, perhaps being intimidated by some of the giants already aggressively into the field, but Keith better than most understood the critical intellectual bonds between anatomy and physiology, once emphasizing that William Harvey was fundamentally an anatomist whom the physiologists later stole as their own patron saint. Harvey was of course both an anatomist and a physiologist and undeniably a genius in both fields, as was Purkinje.
Leaving out Purkinje, who was from a different era, why did His, Tawara, and Keith not pursue these logical extensions of their work? Others quickly did. One explanation is surely the invention of Einthoven's electrocardiograph at the start of this century, and the explosive growth of basic and clinical research with it. But many electrocardiographers were eager to seek anatomical correlations, as witness MacKenzie's prescient teasing of Keith's curiosity. Both Keith and Tawara were most comfortable as anatomists anid,pedrhaps due to modesty, did not range far from that field. Wilhelm His may actually have been uncomfortable as an anatomist, living as he did in the shadow of his famous father. But even today there is a perplexing reluctance for most scientists to cross disciplines, a condition which one of my friends aptly describes as "sclerosis of the categories".
If there is a lesson to be learned from this historical view of the work of these four men, it may be that they could have told us more about the conduction system than they did. This is not intended as an irreverent remark but as a tantalizing look at what might have been. Here today and certainly for the future, how can we encourage cross-disciplinary thinking but at the same time escape the spectre of superficiality, thus re-create Renaissance man but not the dilettante?
Is it possible to foster-in today's world of more and more specialization-a greater interest and appreciation of the importance of knowing as much as possible about normal and abnormal structure of the cardiac conduction system, as well as how it works? It would seem to me that one just cannot fully understand how something functions in the absence of knowing just how it is constructed. Many of our worst misconceptions today in both clinical and basic cardiac electrophysiology can be directly traced to the continued prevalence of a shocking ignorance of anatomy.
At the same time I must express grave reservations about the popular approach of team research in science today. Perhaps there is too much to know about some subjects, but it is impossible to know to the fullest any subject if only one aspect of it is studied, whether that be its biochemistry, physiology or anatomy. When separate investigators who can hardly understand each other's scientific language, much less the nuances, come to work together, we do not get a hypothetical blending of the best of several worlds. The predictable product is a Tower of babel. Second-hand knowledge, whether gained from books or from a valued colleague, can stimulate, excite and sometimes explain, but it is always a poor substitute for learning from personal experience.
Permit me now some predictions about future research on the anatomy of the cardiac conduction system. I have already emphasized the need for more cross- the cellular and molecular levels of organization can accelerate our understanding in the short term, but then cautioned: "the frenetic effort to reduce all biology and medicine to physics and chemistry loses sight of the fact that our ultimate concern is the understanding of the whole organism. Eventually we will have to work back up from the molecular level and from the simplest organsms to higher levels of organization and to higher animals".4 And dare I add, to man himself.
Let me illustrate this point from personal experience with the sinus node of Keith and Flack. There are remarkably important differences both anatomically and physiologically between the human sinus node 840 and that of the bat,4' rabbit,42 cow43 and dog44 but few pay attention to these differences. Furthermore, there is a variety of totally different cells within the sinus node (Figures 8 and 9 ), it has an intriguing centrally located artery (especially in man and the dog), and its function is profoundly influenced by the richly abundant nerves there.4s 46 There is no way fully to understand sinus rhythm of the heart by studying separate cells in the sinus node without realizing how they relate to each other. There is no way to explain nodal function without carefully considering its innervation or its conspicuously prominent central artery. In short, intracellular fine structure and transmembrane flux of ions are all very fine to know, but one is still faced with the inescapable fact that the sinus~z~~~F igure 9 Occasionally, and not often, I am glad to say, I hear remarks that Keith and Flack's sinus node was only an anatomical curiosity until the physiologists "proved" its functional importance. Let me remind those making such remarks that the work of Gaskell and other stellar physiologists was largely at an impasse until the anatomical discoveries of a muscular bundle connecting atria to the ventricles, and of a peculiar mass of twisted, richly innervated fibres at the atriocaval junction, a newly recognized structure which could immediately be suspected to be the origin of the heart beat. It was only after those anatomical discoveries that knowledge about cardiac rhythm and conduction took a quantum leap forward.
Science will surely be better served if those in both fields heeded Robert Campbell's first dictum of medical teaching and more readily admitted their need for each other. Anatomists must be more ready and willing to conduct physiological studies. Physiologists just as obviously need to know, personally and first-hand, more about the anatomical structure of any tissue they are studying. Breaching these artificial barriers between intellectual disciplines should not be looked upon as a scientific sin but as a triumph for truth.
For 
